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COMPLETE SPECIFICATION 

Aminimn and Diimonium Salts of N^,N'^%-TetraMs (/>- 
Siibs1itated-Phen3i)-/HPhenyIenedianunM aaid 
Benzidmes and fheir use as Infnured 
Absorbers 

We, Ameucan Cyanamid Company, a coiporati(Hi organic undex the Laws 
of the State of Maine, United States of America, of the Township of Wayne, State 
of New Jersey, United States of America, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and die method by which it is to be per- 
5 formed, to be particularly described in and by the following statement: — 5 

This invention relates to a new class of atniniiiiYi and diimonium salts of 
N,N,N',N'-tetrakis (p-sabstituted-piKnyl>-/Kphenylenediamines and benzidines. 

The compounds of this invention may be r^resented by the following fonnula I: 



-i2 L JJ2 



mX"" 



10 



wherein A is 



10 



n is 1 or 2 and m is 1> 
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R is aa allyl group or a stiaig}it or faraiiched chain allyl gnitq> of one to twelve caiixin 
atoms, Ri is hydrogen or R, and X rq>resents an anion. 

It will be noted that the salts of fonnula (I) are derivatives of two similariy N;»N'- 
snbsdmted diamino compounds; Le., p-phenylene-diamines (where n=l) and 
benzidines (wherein n=2). 

The compounds of formula (I) may be piq>ared from readily available starting 
materials by leacdons which vriU now be described. First of all the corresponding nitro 
conqxounds are prepared as illostrated in the following reaction scheme (A)> whidi also 
illustrates reactions by which the nitro compounds are converted to the "amino" and 
then substituted ''amino" conqxiunds: 

(!) (10 

az) 




(30:} 

vfteiein "R", *'Ri" and "n" have the same meaning as above. Compounds of formulae 
Ny V and VI form the subject of our co-pending ^plication No.: 30644/66 divided 
herefrom. 

In the forcing formulae I and VI, tiie several "R's" and "R/s" may be the 
same or different m^obers of the defined groups. 

Reaction of a p- nitro halobenzeae of formula (II) with a p-phenylenediamine or 
benzidine of fonnula (HI) is carried out in a solvent, preferably dimetfayIformamide» 
in the presence of an alkali, such as sodium or potassium carbonate, and optionally and 
preferably, in the presence of copper powder, as is described in greater detail in our 
aforementioned co-pending Application No.: 30644/66 (Soial No. 1,069,952). 

Compounds of formula (V) ie., the ''amino*' compounds are readDy prepared by 
reduction of ''nitro" compounds of formula (IV), whilst the "substituted amino" com- 
pounds of formula (VI) n^y he prepared by reaction of the "amino" compoimds with 
the reactant RZ whidi may, for exanq>le^ be an alkyl l^de, an ally! hah'de or an alkyl 
ai^sulfonate, in the presence of a solvent and an alkali or alkaltne salt Such reactions 
are described in greater detail in our afoiementUHied oo-pendmg Application Na: 
30644/66 (Serial No. 1,069,952). 

Conversion of intermediates of formula (VI) to the salts of formula (I) is by 
m rida tin n of tiie substituted amino oano^xiunds. This is carried out in organic solvent 
srfuri on by reacting tiie p-phenyienediamine or benzidine compound of formula (VI) 
with a silver salt 

Dimetfaytf ormamfde is a good solvent for use as the reaction medium. Others, 
such as acetone may be n^d. A wide variety of silver salts may be used. These im^ide 
the perchlorate (00^% fluoborate (BF^-), trichloracetate (COaCOO**), trifluoro- 
acetate (CF,COO-X picrate (NO^)»CoH.a-, hexafluoroarseMtB (AsF^), hexafluoro- 
antimonate (Sb¥r% benzenesulfonate (QttjSOa-X ^hanesulfonate (QH-SOs""), 
phosphate (PO^ ), sulfate (SO^ — ) or ddoride (Q-). 

It win be noted that the aminium and dnmnnntfn salts of formula (I) are deriva- 
tives of two «ries of similarly N,N'-5ubstituted diamino conqxnmds, of fonnula (VT); 
i-c^ p-pfaea^ene-diamines (yAm n=I) and benzidines (where n=2). 



10 



15 



1,069^51 

Oxidation of one amino group of comixninds of formula (VT) jiroduces ''aminium'' 
compounds of the following foimula (VII); 

Oxidation of two amino groiqxs of compounds of f onnula (VI) wherein n iTt^gives 
diimonium compounds of ihe following formula (VIII); 





(VIII) 

whcrdn R, Ri, and X are as defined above. 

Various ''amimum" compoimds such as tas(/Kiiall7laminophenyl)amimum salts 
previously have been proposed for use in various substrates to deoease transmission in 
the infrared region of the spectrum. Such salts do absorb strongly in the '^near** lo 
infrared r^on <rf the spectrum. However, most effective protection occurs in the 
vicinity of 960 millimicrons. Suitable compounds capable of broad absorption at 
longer wavdengths in the near infrared have been desired but in the past have not been 
available. 

It has now been found Aat many of the compounds of this invention absorb 15 
broadly in the near infrared n^on of the spectrum at wavelengths longer than those 
obtained with compounds previously available. Improved absOTption is obtained in the 
re^on of lon^ wavelengths between about 1000 and about 1800 millimicrons. Many 
of the compounds also have desirable absorption at shorter wavelengths in Ae near 
20 mfrared r^on. These compcmnds also transmit a useful amount of visible li^t. 20 
Radiam energy from the sun is frequently groiqied into three r^ons, the near- 
ultraviolet, the visible and the near-infrared. Togedier these three r^ons cover the 
range of wavelengths of from 0.290 micnm to about 5.0 microns. Somewhat arbi- 
trarily, the near-ultraviolet q>ectrum may be considered to cover the region ol 
25 0.300—0.400 micron; the visible spectrum, the r^on of 0.400—0.700 micron; and 25 
the near-infrared spectrum the re^on of 0.700—5.0 microns. 

Heat from the sun is essentially due to the near-infrared radiant energy. Other 
high tempoature bodies, such as nmgsten filaments, fluorescem lamps, carbon arcs, 
eto., also radiate energy in the Mar infrared r^oa For practical purposes, this rmon 
30 often is defined as falling bttween 0.7 and 5.0 microns, this being Sregion v^ere 
. oimmon sources of infrared radiation emit substantial^ all of tiieir mfrared energy 
Over half of die total radiation energy emitted by the sun or electrical lamps lies m 
the near-mfrared n^on. This is shown in the following tables. 
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Tabi£ I 

Apprtxadmate Distnbntiaa of Radiant Energy 
From Several Energy Sources 





FtaxDtofT 


otal Radiant I 


sner^ Emitted 


-3— .4^1. 


.4^.7^1 


.6— 1.6jx 


Above 
.7it 


Smili^ (leadiing earth) 
TungslEn Lamp* 500 w 
FkKxresoe&t Tsmj^ 
Carfoon Hkanent Heater 
Nosilnnitiioas Heaters 


5 

0.1 
5 
0 
0 


42 
10 
35 
1 
0 


54 
53 
28 
28 
1.3 


53 
90 
60 
99 
100 



AooQidiii^, it may be seen that a large proportion of the oiergy transmitted by 
our oomman li^ sources serves no useful purpose with respect to illumination^ but 
contiibutes to the development of heat in die mateiKd reodving the radiation. 

Tabes n 



Approadmate Distribution of Radiant 
Energy of Sunlight 



5 



R^m 


Percent of 
Total 


Percent of 
Infiared 


0.3--0.4 


5 




0.4--0.7 


42 




0.7—1.0 


23 


43.5 


1.0—1.3 


12 


22.5 


1.3—1.6 


4.5 


8.5 


1.6—1.9 


4.5 


8.5 


1.9—2.7 


5 


9.5 


2.7— oip 


4 


7.5 



This table indicates that within the near-infirared r^on, the greater part of the 
infrared energy is radiated within the region from about 0.7 to about 2.0 microns. For 
mimplej in nonnal sunligjht some two^&rds of the radiant energy is at wavelengths 
of from about 0.7 to about 1.3 microns. 

10 It also may be noted in Table n that some 43-^% of the total infrared radia- |o 

tion in gnnlighf & in die xe^on just above about 0.7 micronsL The latter is about the 
upper Umit of the visible range vriiidi, as noted above, usually is defined as from 
atoit 0.4 to about 0.7 mxcronS) hence the '*oea^ infrared desigoation. While by the 
foregoing defimtion the near-infrsoed region extends onl^ down to about 0.7 micron, 

15 for purposes of dns invention the ne^on of particular interest extends from about 0.65 15 
micron to about 13 microns. In the following discussim this region wOl be designated 
asthe(^^R). 

In many ctrcnmstances it is desirable to filter out nonvisible radiations of the 
near-infrared legioai without materially diminishing transmission of visible radiations. 

20 There are many potential applications for materials that will traiKmit a major portion 20 
of tiie visible radiations but at the same time be at least semiopaque to heat-producing 
inh:ared radiation, particular^ that in the above-noted (NIR). Among such possible 
applications may be mentioned sunglasses, weldas* gc^^es and other eye protective 
filcers> windows, television fihm, projection lenses and the like. In many, if not most, 

25 of sodi uses the primary object is to protect die human eye from die adverse ^ects 25 
of radiation in the near inhrared. 

Experience has ^wn that sunglasses, as an illustrative example;, should be 
capable of transmfttiqg at least 10% of incident visible light shorter tiian abom 0.65 
micron. However, to provide adequate protection for the human eye;, transmission 

30 should be less than f ortf percent at from about 0.65 to about 0.75 micron and not 30 
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over about ten percent between about 0.75 and about 0.95 micron. Preferably, seme 
20% or more of visible li^t will be transmitted. In the two other noted ranges, 
preferably transmission should not exceed about five percent and one percent res- 
pectively. 

f Other protective optical filters may vary as to requirements in the visible range- 5 

In most cases, however, transmission in the near-infrared should not exceed the indir 
cated limitations. This applies, for example, not onty to other eye protecdve devices 
as widely differwit as welder^s goggles and window glass, but also to protectii^ 
inanimate material as in the case of projection lenses, optimum protective utility, 

10 therefore, ordinarily requires relatively gqod transmission of radiation bdow about 10 
0.65 nucron but reduced or minimized transmission above that vahie. Obviously com^ 
plete cutoff at exacUy this, or any other wavelengrii, is impossible. NCTcrriieless, for the 
purposes of this mvention, cutoff should be as sharp as possible widiin a minimum 
spread of wavelength at about 0.65 micron. 

15 , Various organic plastic substrates are available having generally suitable trans- 15 

mission properties m die visible regian. Illustrative examples include; ceMose deriva- 
tives such as 



40 



20 



25 



celhilose nitrate and cdhilose acetate; regenerated cellulose and ceUulose etiiers 
for example^ eth^ and methyl ceUulose; 
20 polystyrene plastics such as 

polystyrew pare se and polymers and copolymers of various ring-substimted 
styienes for example o-, m- and p-mediylstyrene and other ring-substituted 
styrenes as well as side-chain substituted styrenes such as alpha-, methyl- and 
ethylstyrene and various otiier polymerizable and copolymcrizable vinylidenes: 
25 vanous vinyl polymers and copolymers such as 

pdyvi^l butyral and otiier acetals, polyvinyl chloride, polyviiwl acetate and its 
hydrolysis products and polyvinyl chloride-acetate copomners: 
vanous acrylic resins such as 

polymers and copolymers of metii^ acrylat^ mediyl mctfiacrylate, acrylamide, 
30 metiiylolacrylamide, and acrylonitrile; j««*«u«^ 

polyolefins such as ^ 
polyediylme and polypropylene; polyesters and unsaturated-modified polyester 
r^ such as thjKe made by condensation of polycariroxylic adds witii pdy^dric 
phenols ot modified usmg unsaturated caiboxylic add and further modified by 
35 reactmg the alkyd with another monomer; «r 

polymers of aDyl diglycol carbonate; and various ccqso^mers using as a cross-linkirie 
mracmer an ally! ester of various adds. Of particular interest and preferred hrainS 
dfcu^m^ "^"^ "^"^^ medmcrylate, polystyrenes and polymers of allyl 

• uJ!^ '^^ ^ substrate may, and usuafly does, vary from die otiiers very appre- 40 
aabty m its transmwsion of radiant energy at various wavelengtiis. Nevertildea^ tf not 
modlfie(^^ none meet the foregomg transmission requirements. Some additiveTneces- 
^v^T>k^S urfraied transmission witiiout adversely effecting transmission m 

45 H<at resistance of the conapounds of tiiis invention can be demonstrated when 45 

ti^juj— salts are dispersed in plastic materials, or when tiiey are diisS^ ^ 
r ^ adcqi^tely resistant to exposure to temperatures up to about 200^^ 

^.Jt^S^^^ fiequentiy encountered in tiie processing of plastic substrates 

«A ^r^^.^"^ Accordingly, compounds ^^inveiion are suitabS 

50 tor purposes 01 use m such cases. 

into ^^^JL^''^!^'^^^^ ^ ^ ^ability when incorporated 

amp m tte 1000 to 2000 millimicron r^ion (as given off by die sun or bv other 
light sources) has ^t been possible heretofore. This portion <rf iS^ ^£dTh 
55 aaable portion of the total infrared radiation from*^,, incad^^^ 55 

ahu ^^^T-^T'*' invention may be incorpoiatai in any suit- 

able plasDc or apphed on suitable transparent substrates of plastic or riass. TWTis 
60 ^i^- ^ proc^lu^inchiding for exarSTsiSmS ^ 

comiwundscante molded into fonnedarticfcssuKdieetBand^^ * 
^ «f Ae compounds may be incorpoiated asTterrier layer in 

ear one surface of a substrate or be disseminated tfaactfarongfa. Choice otdOm 
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practice depends on the type of pxotection used and the physical method used to com- 
bine die substrate and the oompoumis. 

Either practice can be used to protea the treated materiaL Eidier can also be 
used to form a piotective banier between an object to be protected and the source 

S of the infrared ladiatioiL In the latter case^ protectimi is usually provided by com- 5 
bining the compound and organic substrate in a relatively thin layer or sheet whidi 
is then used as the protective barrier. Protection of an object also can be obtained by 
coating the compounds, in a suitable vehicle, direcdy onto substrates such as glass or 
formed plastic objects whedier to protect the substrate or in fanning a protecdve 

10 barrier for other objects. 10 
It is not readily possible to assign limits to the amount which it is desirable to 
use. In general, the limiting maximinn is only an economic one. As to die minimum, 
it depends on whether the compound is disseminated uniformly through the substrate 
or is concentrated in a barrier layer of die same or a different substrate. When dis- 

15 seminated throu^ a sutetrate, usua% to protect the latter, diere should be provided 15 
at l^st 0.005 percent by wdg^ of die substrate of the compound of fonnula L When 
concentrated in a barrier layer this is equivalent to 0.01 gram per square foot of surface 
of a plastic substrate of 1/8 inch thicknessL 

The compounds of th^ invendon have many uses arising from the vahiaUe com- 

20 binadon of Infitaied absorbency and tranqKaency to visible light. These uses may be 20 
considezed as flailing widiin three major areas accOTding to the funcdon of the infrared 
absorber. 

In the first area of use, diese compounds funcdon to filter or screen out infrared 
radiation and prevent its transmission through a substrate on or in which these com- 

25 pounds ate dispersed. lii diis area, spedGc applications are in sunglasses, weldei's 25 
gobies or ^eJds;, astronaut's face-plates, and face-plates in fii&-fi^ters* reflecdve 
protective suits where transparency for vision coupled with protecdon of eyes from 
infrared radiation are desired. Also^ diese compounds may be iiKX)rpo£ated in trans- 
parent plastic sheets or films for windows^, doors;, sky^lights, etc in buildings, green- 

30 house% automobiles, aircraft^ shq>s, etc to screen out infrared radianon and mtnimiTe 30 
heat fnnld-up in the interiors of such structures while still transmitting visible ladia- 
don. In sudi applicationsj, these compounds may be dispersed in or on a rigid plasdc 
substrate or may be dispersed in a thin plasdc film useable alone or adhered to an 
untrMted substrate, whidi may be glass or plastic For example, for automobile safety 

35 glass windshields, the plastic interlayer between the two sheets of glass may have the 55 
, infrared absorber incorporated therdn. Also, for store, ofSc^ or residential windows, 
a plasdc film containing xbes& compounds may be adhered to the glass or may be 
himg as a "vmdow shade'' immediately inside the window and rolled up when not 
needed. For sunglasses^ aircraft windows, and sky-Hghts, ihssc compounds may be 

40 incorporated in tihe plastic of which such articles are trwd e, either as a unifram dis- 40 
persion throug^iout or as a barrier layer adjacent one surface thereof. 

In the second area of use, these compounds function to absorb infrared radiation 
and accumulate it as heat in order to increase the temperature of those substrate 
materials containing these compounds. Thus, these compounds can be incorporated 

45 onto natural or syi^dietic fibers used in dothing to make sudi clodiing warmer in cold 45 
climates even dioi^ sudi dodung may be fi^t in color. Also, these compounds can 
be dissolved in water or incorporated in plastic particles, flakes, or film strips which 
float on water to increase the rate of evaporation of the water (or other liquid^ by sokr 
G£ odiar infitared radi^on fat production of distilled water or for mcreasiiig sah con- 

50 cemration in the remaining liquor or for recovery of salt from soludoa Further, these SO 
compounds can be incorpcsa^ into materials to improve dryii^ rates withom sub- 
stantially c h a nging the color of sudi materials, for esampl^ coined inks, paints^, 
ei^mels, bathing suits^ etc Likewise, incorporaiiQn of these conqxnmds into poly- 
mexizabk materials can serve to inaease the rate of polymerization under infrared 

55 radiation by increasing die effidenqr with whidi such radiation is absorbed. Also, since 55 
difiFeient colors absorb radiadon at difiierent rates, varying amounts of these conqxnmds 
can b e added to inks, pamt^ or enamels of various colors to so modify their drying 
rates as to make them uniform regardless of color for ease, uniformity, and economy 
in processing articles coated tfaerewidu 

60 ^ Several processes ccnen^ in commercial operation use powdered ink formula-* 
turns wMch are placed on paper or another substrate and fused in place by infrared 
ra^ari on. lii amie r^noduction and copying systemsj, the powdered ink formulations, 
whidi amqirise carbon blad: (for infrared abairptioa ca{^bility and optical contrast 
with backgroumQ and dietmoplasdc polymer resins, are electrostaticalfy attracted to 
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the desired location ddier on metal and then transferred to paper or directly on specially 
coated paper. In such processes, only hhxk inks have been useable to date. The present 
compounds can provide the necessary infrared absorption while permitting pigments 
of various colors to be used in such processes. Also, powdered inks are used to provide 

5 a "raised" printing on greeting cards;, match boMS, calling cards, etc by a process 
which involves printing a design on paper with a dear adhesive mixture and then 
coating witfi the powdered mk which adheres only to the adhesive-printed areas. This 
paper is then pa^ under an infrared source to melt and thus fix the ink. Incorpora- 
tion of these compounds into tliese inks can reduce the heat required in the infrared 

10 source, increase tte speed with which the inks can be fascd^ permit a wider lapge of 
colop to be used without danger of scorching the paper bad^und before the powdered 
ink IS sc^ and permit use of lig^t colored inks on dark colored badcground paper with- 
out scorching the dark paper. 

Some photothermography systems of photoreproduction, sucfa as the "Thermof ax" 

15 (r^^tered Trade Mark) system of copying, use a paper coated to make it more heat 
OTsmve during the dcvdqpment of the image by exposure to infrared radiation. 
Corporation of these compounds mto the surface coating of the paper used for this 
and sunHar processes would make the paper even more heat sensitive without losing 
contrast between the printti^ and bac%round making feasible lower operating tem- 

20 peratures or faster operation of copying devices using such p^>er. 

Micro-encapsulation is the process of coating materials in the form of small spheres 
or capsules (diameters of about 1 to 200 microns) with natural or synthetic polymeric 
matmals, sue* as polymethyhnediacrylate. The coating retains the contents m finely 
divided state, m each separate sphere, untU such are released for use by rupturing die 

25 capsule walls, which can be by mechanical means, such as pressure, or bf apptotion 
of h^t, such as by exposure to radiant energy. The incorporation of the compounds 
of th^mvention mto the coating makes die wall more sensitive to rupture by emosuro 
to infrared radiation, tiier^ requiring less exposure time or lower intensity infrared 
radiauon to effect rupture. Also, by use of different amounts of these compounds in 

30 die^tmgs of different capsules, such capsules can be made to rupture on obsorotion 
of different amounts of radiation, thereby producing a record of the relative qaantities 
of mfrared radiation unpmging on any areas containing mixtures of socii capsoka. 

Additionally, tiiese compounds can serve to magnify the effects of infrared radiar 
tion f^ing m sensing elements when such elements are coated wirii such conmounds 

35 simplifying amidification cbxuitry to convert signals from sucfa elements to useable 
currents or voltages. Thus, sensors for fire detection devices may be so treated to make 
them more sensitive to die presence of flames. Also, sensors in data processing machines 
may be so ureated to make tiiem more sensitive to heat effects where such are used to 
operate clectncal drcuits. 

^ ^ tiiird area of use, tiiese compounds function by a miscellaneous assortmott 

or mechanians. Induded m tiiis category are such applications as incorpoiatiiffi these 
oompomids mto colored inks for use m ballrpomt ot otiier pens so such inks ^repro- 
duce by those processes such as "Thermofax" (registered Trade Mark), which iely 
by the mk^ die document being copied. At j^t, carbon 

45 black must be used» hmitmg the mks for such purpose to black inks. Also incorpora- 
oon of sndi conqKmnds imo face creams and dyes for dothmg and otiicr fabriracan 
"^^^ ^ ''^^^ invisible to infrared detection devices, sudi as die "Sniper- 
srape or Snooperscope" which operate by reflection of infrared radiation from^ 
objec^ e.g., soldiers, tents, netting overguns, etc, to be detected back to a detector. 

50 Further, mcMporation of such compounds into die pamts used to cover non-hmiinous 
radiating surfaces, such as steam or hot water radiators, radiant heating walL floor 
oroihng ^neU^ etc can serve to increase die effidency of radiation of heat energ4 
from such bwhes to die aidosure surrounding diem even diourfi die paints arc 
m color or comam mml pigments. ^ 

55 Since growdi rate of plants is sensitive to die wave lengdis of incident ligK inter- 

p(Kinon of a fihn or sheet containmg diese compounds between sucfa plaMiSid the 
I!f!^..^f^JfT*,^.^*' to modify diis rate For example, ^mLaim of 
Ictmce seals, aM die Ifte, is promoted most at about 650 millimicrons wd is infaihited 
^ "^-^^If '^^^D*?^^"^.^^ sdecrion of diese compomids and coS 

^ fi^.^ substantia^ 

absorbed while a high proportion of diat at 650 millimicrons can be transmitted ta 
diese plan ts to m axumze die rate of germmation. 

^ ^ iUustrated in conjunction whh die following 

Examples. Therem, unless odierwise noted, all pans and percentages are by wci^ 
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and aQ teinperatiiies aie in degrees centigrade. For die preparation of die starting 
canq>ounds used in die Examples^ the reader should refer to the Examples in our 
aforementioned co-pending AppUcation No.: 306,44/66 (Serial No. 1,069,952). 

Example L 

Bis(p-diethylaniinc^henyI)[N,N-bis-(p-diethy]aminopl^ - 
anyitihim liexafluoroarsenate 



To a solutian of 3.49 parts (0.005 md) of N^^',N'-tetraIds(p-diethylaimno- 
phenyi)-p-pheiiylenediamine in 25 parts of hot dimetfaylforaiaxnide is added 1.49 parts 
(0.005 md) d silver hexafiuoroaisenate in 25 parts of dimethylformamide. After 
stirring for 1/2 hour, the mixture is filtered and die filtrate diluted with 350 parts 
of ether. On cooling in dry-ice-acetone mixture die product separates. There is obtamed 
about 3 J parts of green solid mdting at 184^ — 185° C 

Example 2. 

Bis^-diethy]aminoidieDy])[N^-bis(^-dieth3daminoplkn 
amintmn hexafluoroar^nate 



0 



To a sohition of 0.77 parts (0.001 mol) of N^N^'^'-tetrakis(p-diethylamino- 
phenyl)benzidine in 40 parts of acetone is added dropwise with stirring a solution of 
0.30 parts (0.001 md) of silver hexafluoroarsenate in 5 parts of acetone. After stirring 
for about five minuKes tte mixture is filtered and the filtrate diluted widi 200 parts of 
edi^ ether. On cooling in dry-ice-acetone^ a green solid separates, 0.71 parts of 
product 

Example 3. 

N,N,N',N'-TetrBlds(p-dietfay]aniinqpheayi)-^benzoquinoii^ 
hexafiuoanoantimonate) 




To a stirred mixture of 139 parts (0.002 mol) of N^,N'^'-tetrakis(p-diethyl- 
aminophenyl)-'P-|d^ylenediamine is added 20 parts of acetone and 1.38 parts (0.004 
mol) of sih^ hfixaflnnraamimonate. After Stirling for one-half hour, the dark blue 
solution is filtered and the filtrate dihited widi 100 parts of ethor. The mixture is 
cooled and the solid which sq>arates is collected, washed with ether and petroleum 
ether and dried. There is obtained 2.1 parts of product melting vrith decomposition 
by 216° C 
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Example 4. 
N,N^',N'-Tetxaids(p^etfay]aminopheayl^ 
bexafluoroaisenate) 

procedure of Example 3 is followed substituting an equivalent amount of 
Mlvcr hexafluoroaisenate for the silver hcxafluoroantimonate. The product mehs widi 
decomposinon at 170° C 

EXAMFLB 5. 



(xr 

2 



A series of aminium compounds of the above formula are prepared by ilie eeneral 
procedure of ^amplc 1 using the appropriate N^^N^N'-tetrakisf^alkykmino- 
phenyl)-p-phenyleDediamme and silver salt 



10 



15 





R 


X 


McltiiigFb(nt(°C) 


a. 


CH, 


AsF, 


180 — 182 


b. 


CH, 


SbF, 


184 — 185 


c 




SbF. 


186 — 187 


d 




BF4 


170 — 172 


e. 




AsF, 


214 — 216 


£ 




SbFfl 


215 — 216 




n— C4H, 


AsF« 


170» 


h. 


n— cja; 


SbF. 


175* 


i. 




SbF, 


—9 


)• 


Ci«Hi5 


SbF, 





20 



^ ^ Thcfitoateisdihitedwiriianeqnrfvrfiimeftf g^ 
* = Approximate 
> &3 NotdetcnniDed 

EXAMHJB 6. 

BisC^ediylaminophenyl)[HN-his(p^IaminDphei^ 

hexaflnoroarsenate 

aviS^T?"^**^ of Example 1 is repeated substituting an equivalent amount of 

EXAAIFUS 7. 



15 



20 



(C2H5 



J2 



(X)-, 



_2 



1,069,951 

Two ammHim compounds of the above f onnula are prepared by the pnxxdine 
of Bxsaapi& 2 sabsdtudog an equmleut amount of ^ appropriate dtvet salt for the 
silver hcxaflnoroaisenate as shown below. 



Compound X 

a- ao^ 

b. SbFc 

Spectral absorption curves of organic solvent solutions of salts of diis imnention 5 
were d^ermined in the visual ai^ near in&ared regions at from 0.35 to 2.00 microns. 
For this purpose a recording spectrophotometer fit^ with a near-infrared a tt ac hm e nt 
and a tungsten light source^ is used. The wavdengtib of maximum absorbance (Xmmx.) 
is determined from the curve. Absorptivi^ at tiie wavelength of the maximum absorp- 
tion, designated (amaz-X is an espression of the d^ree of absotptioa It is calculated 10 
using die lollowiDg rda tion s h^ . 



1 To 

amax.=— log — 

be T 



aas.absocptivity 

b^tfae dudooess of die ceill (spectrophotometer) in cm. 15 

€:::= the concentration in grams per liter 

T=transmittance of ligjit passmg throug|i the sohidon 

To=transmittance of light passing through the solvent in the same cdl 
Molar ab so rptiv i ty at the wavelength of maximum absorpdon (e„ax.) is an expression 
of the degree of absoipdon. It is calailated usmg the falbwiog reladonship: 20 

M T. 
emxx.=— log — =Ma 
be T 

wherein 

e=molar absorptivi^ 
M=molecular wei^t of the solute 
Therefore, ^nax. is die strength of abruption based on a molar concentradon of 1- 25 
gram-mol of compound per liter of sohition, or it may be omsideDed a measure of 
absorption of eadi gram-mol of compound. The htgiat the value of fi^u.^ die greater 
is the absorpdon. 

Example 8. 

In accordance with the forcing discussion, spectral absorpdon curves of die 30 
sohidom of amirmnn salts of Exan^l^ 1^ 2, 5 & 7 in acetone are determined in the 
visual and near infirared r^ons at from 035 to 2.00 microns. Hhisttative results are 
shown below. It will be noted diat there are two absi»pti<m peaks in die near infrared 
re^on for the i^tenyksnediamtne deriva d ves itf Exanqxies 1 and 5. 
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AbsorptumMuL 
FroduaafBonqde ^dm) > ^ 



1 


1490 
930 
44 


20.9 
23.5 
22.2 


18^ 
20^ 
19,700 


5a 


1^ 
930 
40 


19.2 
18.9 
19.5 


1^900 
14,600 
15,100 


5b 


1310 
970 
410 


15.6 
16.0 
16.4 


12,800 
13,100 
13,500 


5c 


1450 
930 
414 


18.7 
21.3 
19.3 


17,400 
19,900 
IBfiOO 


5d 


1440 
950 
415 


20.7 
24.1 
21.7 


16,200 
18^900 
17,000 


5e 


1460 
950 
415 


18.4 
20.5 
18.6 


18,400 
20^ 
18,600 


5f 


1460 
950 
415 


17.1 
19.4 
17.7 


17,900 
20,300 
18^ 


5g 


1460 
980 
410 


14.1 
26.0 
16.4 


15,700 
28,900 
18^ 


5h 


1^ 
980 
415 


13.8 

73 1 
16.4 


16,000 
19,000 


2 


1050 
610C) 
400 


31.9 
3.3 
24.8 


30,700 
3,200 
23^ 


7a 


1050 
610 
365 


21.0 
2.6 
35.0 


18^ 
2,300 
30,500 


7b 


1055 
600 
365 


24.1 
2.6 
31.6 


24^ 
2,600 
31^ 



Q) = notXmax. 
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1,069^51 



Spcctcol fltsorptiQ] 
solvents are obtained. 


n oirvtHi of 


ESAMPU 9. 

sdndons of die product of ] 


Fvaftinli* 1 












Acetone 


XntaK. 
amsz* 


1470 nifx 
21.5 


940 mfx 
23.9 


414iii(t 
22.7 


Metkanol 


Xmas 

nmmr 


1450 m,a 
20.9 


950 m,a 
23.5 


4140011 
22.2 


SdHcylate 


Xmax 
amas 


1550 ma 
26.8 


910 ms& 
22.2 


21.5 



Example 10. 

The product of Example 1 is incorporated into a ceDuIose acetate film by casting 
an acetone solution of die plastic and the additive on plate gjass. Hiese diin films 
exhibit strong near-infrared ahsorpdon having peaks at 1450 and 950 millimicrons. 
The lig^ stability of die additive during exposure in an Atlas *Tade-Ometer^ (regis- 
tered Trade Mark) is measured spectrally. Curves axe taken before and after eadi 
period of eq;i08ure: The percent additive remaimng is calculated fcom the fonmila 

% RemaimngsAqyA xlOO 

o 

wherein "Ao" is the absorbance at 950 millimicrons before exposure and "At" h the 
absorbanoe at 950 millimicrons after **T" boms of exposure. 

"Fadfr-Qmeter^ Additive 
Exposure Qiours) % Remaining 
5 99 

15 93 

20 86 

30 79 

40 73 

50 69 

Example 1L 

The product of £xanq;>Ie 1 is inonporaied into poly(mediyl mcthacrylate) fihns 
m the manner des r rib e d in Example 10 for cellulose acetate, TTie films show intense 
near-infirared absorpdon widi peaks at 1450 and 950 mnilmirrnn^ The lidit stability of 
the addxdve is measured. <^ade-Omecer^ is a roistered Trade Mark. 

Hours of "Fade-OmetM^ E^iosure % Additive Remaining 
5 95 
15 33 
20 20 

Example 12. 

The product of Example 1 at a concentration of 0,10% (on weight of plastic) is 
mcorporated into pQly(mediyhnediacrylate) molding powder by fluxing on steson- 
heaied rafl mills. Qa^ 74 mils in drickn^ are compression molded. A transmission 
airve ofdie diqi skws diat the additive functions as a very ^ective near-infrared 
bamer while transmitting a considerable amount of visible Kght *^ade-QmetBr^ is 
a registered Trade Marie 



1,069,951 



Wavdength (Mfllanicnms) % T Wmttfnr, 

2000 20 

1700 0 

1000 0 

5 825 0 

800 1 

700 21 

530 57 

445 0 

10 400 S 

Example 13, 

tem^t,^!^ °' Ae product of Bampk 1 duimg prolonged exposure to iiigh 
temi»atures IS m^suied usmg methyl salicylate as a hidi boiliiig sd^r Dlhae 

15 additreereniammg is measured spectrally, «u|«»mic8. xnepenxm 

TempcHtture^^ 200<^ Temperature = 210»a 



time Additire HeatingTlme Additive 

') %Reuiaiuiug (ouDs.) %] 



5 96 5 81 

8 94 8 59 



20 



25 



30 



3S 



Example 14. 

T^r^^^ J""^ Example 1 in a poly(methyl methacrylate) is 
STTii^ ^""lU?™ ""^^ 0.32% of additivi (m «ei^ of pbL) a« 
cast on plate glass from an acetone solution of the polyma- andlSditire. T^fitns 

St^^iif SiSf f JL"^ °" decomposition oc^dS^^KiS 
hratttesttmait Secnons of the cast film are compns^molded bctwemdecttfcally 
heated plates at various temperatures. Transmissiii curves of the cohS^immS 
compared to the cast film to determine Ae percemage^ffi^ 



Molding Temperature 
160° G 
170° G 
180° G 
190° G 
200° G 
210° G 
220° G 
230«» G 



Additive lost/minute (Average %) 
little or none 

5 -> 
10 
15 
20 
25 
28 
35 



BZAMSU 15. 




2 



the ^.^.l.tJ^Il'^f^""^'?^ 



14 



Componnd 



1,069,951^ 



SL 


CHs 


AsF, 


b. 


CH3 


SbF, 


& 




BF 


d. 




SbF, 






AsF, 


£ 




SbFs 


& 




AsF, 


h. 




SbF, 



Example 16. 

In acooidaiice ^rith the f oi^gqtng discussuxn, spectral abscnptum curves of solutions 
of the products of ^TOmpleg 3 and 4 in aoetune are determined in tfae near infrared 
region df tie spectrum. 

' U l ustiative results are shown below; 



Product of 
Exan^kleNo. 



Absorption Ma3L 



(mjt) 



3 
4 



1Q50 
1050 



49.8 
55.0 



58^ 
59,100 



10 



15 



20 



Example 17. 

The product of Example 4 is incorporated into a cellulose acetate film by casting 
an acetone soludoa of die plasdc and the additive on plate ^bss. The thin film exhibits 
strong near-infrared absorpdon having a peak at 1075 nau. Tlie light stability of the 
additive during exposure in an Atlas "Fade-Omcter^ (r^^stered Trade MarlO is 
measured spectrally. Transmission curves are takoi before and after each period of 
exposure. "Die percent of additive remaining is calmlated from the formula 

% remaining--AT/AoxlOO 

ysbeit Ao is die absoxbence at 950 millmiicrons before e^^osure and At is the absorbence 
at 950 millimicrons after T hoins of eiqMisuxe. Illustrative results are shown below. 



30 



Eqxisate Time 

to 

20 
40 

60 

80 
100 
125 
150 
175 

WHAT WE CLAIM IS: — 
1. A conopound of the formula: 



Additive 
(% Remaining 
80 
72 
65 
54 
47 
41 
33 
26 
21 
15 
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15 



20 



30 



inX" 



(Formula I) 



1,069^51 



15 



wherein A is 



Hot- 



nisi or 2 and mis 1, 
orAis 



and 



10 



15 



20 



25 



30 



and m is 2, 

R is an ally] group or a straight or branched chain aD^l group of one to twelve carbon 
atoms, Ri is hydrogen or R, and X iqpresents an anion. 

2* A quinonediimnniiim salt of die f Omnila 




wherein R is an allyl group or an aSkyi group of one to twelve carbon atoms, R^ is 
hydrogen or R, and X~ is an anion. 

3. NyN^'^N' - tetrakis(p - diethylaminophenyl) - p - benzoquinone - bis- 
(Imoninm h^afiuoroantimQnate). 

4. NJ^^N'JJ' - tetraki8(p - died^laminophenyl) - p - benzoquinone - bis- 
(imonrum l^xafiuoroarsenate). 

5. N,N,N',N' - tetralds(p - dimethyiaminophenyl) - p - benzoquinone - bis- 
(imonium hezafiiuoroantunonate). 

6. NjN^'^N' - tetralds(p - dimed^landnophenyl) - p - benzoquinone - bis- 
Cunonium hezafiuoroaisenate). 

7. N,N,N'JNf' - tetralds(p - di - n - propylaminophenyl) - p - boizo- 
quinone-bis^onium hexafluaroantimonate). 

8. NJ^J,N',N' - tetralds(p - di - n propylaminophenyl) - p - b^izoquinone - bis- 
Qmnnhnn tetrafluoroborate). 

9. NJ^J^'jN' - tetnikis(p - dibut]^aminopbetiyQ - p - benzoquinone - bis- 
(imonium hezafluoroantimonate). 

10. NJN^'J^' - tetralds(p - dioctylammophcnyl) - p - benzoquinone - bis- 
(unonium hezafluoroandmonate). 

11. N,N,N',N' - tetralds(p - didodecylaminophei^l) - p - benzoquincme - bis- 
Qmonium hexafluoroarsenate). 

12. Compounds of the fonnuk 

9 9 
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15 
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25 
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1,069^51 



10 



15 



20 



25 



30 



35 



40 



45 



vdieidn R is an aQyl gcoi^) or an aH^l gnxup of one to twdve caibon atmns^ Ri is 
l^drogen or R, n is one or two and X'' is an anioxL 

13. Bi^ - dietirylaminopheoQ^[N;N - his (p - diedrflanunophenyQ - p - amino- 
plienyi] fltniT^fpTn Itcxafinoroarsenate^ 

14. Bis(p - diethylBminophei^I)[N>N - Us(p <- dietfaylammophenyl) - 4' - amino- 
bipheny^] ammnm hexafiaoroaxsenate. 

15. A process for preparing a compound of Formula 1 as defined in Claim 1, 
wbidi process comprises reacting a p-phet^teoediamine or benzidine compoand of die 
fornmla: 

wtedbi R, Ri and n are as defined in Oaim 1; with a silver sak in the presence of an 
oigamC' solvent. 

16* A process aocQnfiqg to Qaim 15 spbstantially as hereinbefore described. 

17. A compound of Formula I whenever prq>ared by a process according to 
Qaim 15 or Qakn 16. 

18. An artide of manufacture comprising a substrate and a p-phenylenediamine 
or boizidine compound according to any one of Claims 1 to 14 or C3atm 17 carried 
by the substrate. 

19. An article according to Qaim 18 wherein the substrate comprises an organic 
polymeric material and the p-phenylenediamine or benzidine compcnmd is disposed 
through the polymeric materiaL 

20. An arti[de according to Qaim 18 wherein the substrate carries die p-phenylen^ 
diamine or benadine compound on the surface thereof. 

2L An article according to Qaim 19 or Qaim 20 wherein the substrate is capable 
per se of transmitting visible Ug^t, 

2L A composMon of matter comprising an organic polymeric iwaterial having 
incorporated therein at least 0.005 per cent by weight of a ^phenylenediamine or 
benzidine conipound according to any one of Qaims 1 to 14 or Qaun 17. 

23. A conqKintion accoidtng to Qaim 22 therein said ounpound is as defined 
in Qaim Z 

24. A composidon according to Qaim 22 wherein said compound is as defined 
in Qaim 12. 

25. Acompodtionaonnlu^toai^oneof Qaum22to24siibstanti^ 
before described. 

26. An artide of manufacture aocordipg to Qaim 18 substantially as hereinbefore 
described. 

27. A mediod for pro t e c tin g an ardde against die deJeterums effect of tngttifnt 
near mfirared radiation wh^ conxpdses interposing betcpeen said artide and the source 
of said radiation a barrier layer of a compound of the formula - 



wherein A, R, R^, m and X are as defined in Qaim 1. 

28. A mediod accordkig to Qahn 27 wheiem said battier Vsyei is carried by the 
article to be protected. 

29. A meduMl accordmg to Qaim 27 wherdn said barrier laya: is carried by a 
self-supporting sutetrate v^ch is interposed between said artide and the source of 
said radiation. 

30. A m^hod for protecting an artide agamst tiie deleterious effect of mddent 
near infrared r adi a rion j vriiidi conqttises disposing throi^ dtt artide a compound 
of die f amnda 
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15 



20 



30 



35 



45 



1,069^51 



17 



mX" 



10 



wherdn A, R, Ri, m and X are as defined in Oaim 1. 

31. A mediod of incieasmg tlie ab»)Tption power of a material to near infrared 
radiadon which comprises incorporating with the material a conqKnind of the fonnula 



- -J2 L ili 



mX" 



wherein R, Ri, A, m and X are as defined in Claim 1. 

32. A methcxi according to any one of Claims 27—31 in which the cation is 
bisCp-diethylaminophenyl) (N,N-bis(p-diethy]aminophcny^/>-aminophenyl) atninfiit^ ,, 

33. A method for protecting an artide against die deleterious effect cl inrirfm^ 
near infrared radiation, accorduig to Claim 27 or Oaim 30^ and substaotiany as hereinr 
before described. 

34. A method of increasiiig the absorbtion power of a nuiterial to near infrared 
radiation, according to Oaim 31 and substantially as heieinbefore described. 

TREGEAR, TEnEMANN & BLEACH, 
Cbutered Patoit Agents, 
Mclboumc House, Aldwydi, London, W.C2. 
Agents for tbt Applirants. 
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